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SUMMARY

Ve describe the production and decay of heavy lepton
doublets with vector couplings to W's and Z's. With
production cross sections enhanced relative to
sequential leptons, the mass degenerate charged and
neutral vector leptons are copiously pair-produced at
the SSC for masses below a few TeV. They decay with

striking signatures: eeWZ, eeWW and eeZZ.

INTRODUCTION

Grand unified1 and superstring—inspired2 models
introduce more fermions into each of the presently known
three generations of quarks and leptons. We focus here
on models with additional leptons, notably those

appearing in the 27-dimensional representation of E63'

The colorless fields in the fundamental representa-

tion (27) of E6 contain the usual lepton doublet (v,e)L

as well as two additional left-handed doublets of Weyl
fermions: L=(DE,E) and E:(Ec. "E) with opposite hyper-
charges. The left-handed anti- particles can be thought
of as the "right-handed components” of the Dirac spinor.
Since both left and right components belong to doublets
of SU(2)W' they will couple vectorially to W's and Z’s.

one assigns to these new

In most analyses4 of EG’

doublets zero lepton and baryon number, whereby their
scalar components have positive R-parity and can be
readily identified with the standard electroweak higgs
fields. We choose instead to assign to these vector
doublets a unit lepton number (and zero baryon number)
so the even-R component is the fermionic one which can
mix only with the usual leptons without violating any
global symmetries.

If the vector leptons are light enough to be seen at
the SSC, an additional symmetry is required in the

theory to protect L from pairing up with L at a high
scale. Such a symmetry does arise naturally in
superstring inspired models. Once the symmetry is
broken, a mass term of the form above gives a common
mass ML to vp and E.

We describe the mixing of ordinary leptons with
vector leptons, and 1its consequences for vp and E

decays. We treat the case of a single generation to
avoid the encumbrance of a flavor mixing matrices,
inessential for the general idea. Keep in mind
throughout that "electron” stands for any charged
ordinary lepton, namely either e, p or T. Then, we
exhibit the expected production cross sections and some
interesting distributions of the decay products in
Figures 1-4.

MASS MATRICES AND MIXINGS

There are three of mass terms for the

types

leptons, according to the amount of weak isospin
violation inherent in them. AIw=0 mass terms can be very

They R PR

Majorana mass, the mixing term between the usual left-
handed lepton doublet and the new right-handed doublet,

large. include the uv,* right-handed neutrino

and -most importantly- the central mass for the L and L
lepton doublet pairing, which is the same Dirac mass for

both vp and E. AIw=1/2 mass terms are the best known.

They give Dirac masses to the electron and the neutrino,
and couple the right-handed singlets to the new doublets
under scrutiny. Finally, two doublets can couple
vector-like into a AIW=1 mass term, thus generating a

Majorana mass for the left-handed neutrino and also the
mass splitting between the vp and E fields. AIw=l

masses must be tiny, so that the heavy leptons vp and E

are, for all experimental purposes, degenerate in mass.
They would be stable particles were they not mixed with
the usual leptons.

All the lepton masses must arise from Yukawa
couplings to scalars which get vacuum expectation values
(vev's). Rewriting the combinations of Yukawa couplings
and vev’s as masses, the most general (Dirac) mass
matrices for a single generation of charged and neutral
leptons are

m Ml e
+
H = my M2 E
e E®
my Ml v
o]
M = m, M2 Vg
v vS
E

The AI=0 masses are denoted by Mi, and the AI = 1/2

masses, by m . We have assumed that the AI=0 vev's

break a new (as yet, undiscovered) symmetry, so we take

m? <« M? in our subsequent analysis.

For the ordinary left-handed neutrino to end up

ultralight as it is, »® must be effectively decoupled,
either because it has a large Majorana mass or because
its Yukawa couplings to v and Vg are symmetry-

suppressed. In either case, this is reflected by

setting my =my = 0.
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The matrices M+ and .Mo are rotated to diagonal form
to find the mass eigenstates. Even though the
two-by-two matrices are straightforward to diagonalize,
the features common to the more general case of several
generations (when each of the entries above are 3x3
matrices) are most easily seen in a two-step diagonali-
zation. The idea is to treat the AlI=1/2 masses as
perturbations to the AI=Q0 mass matrix. A large rotation
(tan B8 = Mlle) diagonalizes the AI=0 mass matrix,

common to both charged and neutral leptons, leaving the
(lef t-handed!) electro- weak gauge interactions
invariant. If we ignore the AI = 1/2 mass term, this

single left-handed rotation diagonalizes both matrices

+
M and .4(0. giving a massless doublet and a massive one.
By assumption, the neutrino mass matrix is diagonal
after this first rotation. Restoring my and m, to the
rotated charged lepton mass matrix, we obtain
~ m, 0
;N = |

my M

where
~ MMy
=222t
M
- m M, +moMy
M
and

ML=“ﬁl+"§

is the common AI=0 mass of E and vg-

A simple trick to find the final left- and
right-handed rotations needed to diagonalize J(+, is to
consider the symmetric matrices .Al+Jl+T and J(+T.Mv+. The

former is diagonalized by a left-handed rotation matrix

~ MM 2
with angle BL M2 = M. and the latter, by the
L

~

m,
right-handed rotation BR ~ 2 = g where the parameters
%

1 are of magnitude m/M, the ratio of AIW=1/2 to AIw=0

masses.
Right-handed currents provide vector leptons with

their main decay cha.nnt-zls.6 Flavor changing neutral
currents for the usual fermions will be suppressed
because GL is small, which makes it unlikely that new

heavy vector leptons could be inferred from low energy
data.

SIGNATURES AT THE SSC

The flavor terms of the interaction

lagrangian are

¢ = ;5—2 w“[EeLqu(eL + O ) + BEL»,M(EL - 6¢)

violating

- _ S TP
+ UER"u(ER GReR)] 2cosGw Z (eR'quRER) + h.c.

We could also add terms involving extra gauge bosons
like

§ -
g tan 6y Z, eR'rueRER

It follows that (xw = sin29w) the decay widths are:

230ML(1 My

I‘(DE—)eW) "‘OR S -_)2
16xw Mf
3aM n%)z

2 L
oy S ) a-=

W

S P TR
toxy M

T'(E »eZ) ~

~ 2
I'E » veW) 9L BR I'(E - eZ).

The vector neutrino Vg has only charged current decays

but the charged vector lepton E decays mostly
neutral current couplings.

Crucially, for either E or vp.
branching ratio into a light charged lepton plus a weak
gauge boson is very close to unity, thus allowing for
very easy triggering. Except for the neutrino decay
modes of the gauge bosons, final states can be used to
fully reconstruct the vector lepton masses, and thus
clearly distinguish vector leptons from sequential ones.
The events where the Z decays into a charged lepton
pair should be particularly easy to detect. One would
expect events with as many as six muons in the final
state, three of which would reconstruct to the same
invariant mass as the other three. Good W and Z
identification in jet modes would, however, seem to be
an obvious requirement (for this kind of physics) on the
detectors to be installed at the SSC.

through

the heavy lepton’s
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FIGURE 1. The total cross-section in picobarns as a

function of ML for pp = E ;E + EDE is indicated by the

The cross-sections for pp - EE and pp -
The higher (lower) dashed

solid curve.

DEbp are approximately equal.

curve represents o(EE) where the Es—predicted minimal

extra U(l) gauge boson Z' accounts for the bump with
I‘Z,=10 GeV (FZ,=20 GeV) and MZ.=1 TeV.
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To exhibit the mass range to which the SSC is
sensitive, Figure 1 shows the total Drell-Yan cross-

sections for E E, DE;E. and f:vE + E;E' Three families
of vector leptons are included, degenerate in mass. We

8a s
S ) and Set 1 of the Duke and

used a K-factor of (1 + -

Owens structure functions7 in this calculation.- The
only unknown parameter in the cross—section is ML.

With V5 = 40 TeV and an annual integrated luminosity of

10‘1 pb-l. the cross—section will be readily observable
for ML < 1 TeV. The charged current process is

independent of the mass of a hypothetical extra neutral
gauge boson Z°, so we focus our attention on it here.
The results in Figures 2, 3 and 4 were generated

using the matrix element® for qQ, t—12 W -E vp o ee

W_ZO with the same structure function weights and
K~-factor as in Figure 1, and with a fixed vector lepton

mass ML of 500 GeV.
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FIGURE 2. Relative azimuthal angular distributions of

the four particles in the final state from pp - EE. It
is primarily kinematics that govern do/d¢ so all the ¢
distributions are similar, generally providing experi-
menters with good angular separation between the charged
leptons and/or the gauge bosons.
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FIGURE 3. Transverse momentum distributions of the four
particles in the final state from pp - E;E. The peak is
just below a Py of half the mass of the vector lepton.
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FIGURE 4. Invariant mass distributions for pairs of

particles from pp = EBE.

We have shown that vector leptons, if they exist
below about a TeV, will produce clear leptonic signals
at the SSC. The fully reconstructable heavy lepton
decays with no missing energy, together with the
enhanced cross—section and high—p,r electron and positron

will allow to distinguish these particles from
sequential leptons and standard model backgrounds. Our
results generalize to mixing schemes involving all three
generations of light leptons by including also muons and
taus in the final state. We finally emphasize that
while we have considered these new particles in the
context of superstring inspired models, our analysis is
more generally applicable and probes the mechanisms for
mass generation in the standard model.
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